Herein we describe promising results from the combination of fluorescent lifetime imaging microscopy (FLIM) and diffusion reflection (DR) medical imaging techniques. Three different geometries of gold nanoparticles (GNPs) were prepared: spheres of 20nm diameter, rods (GNRs) of aspect ratio (AR) 2.5, and GNRs of AR 3.3. Each GNP geometry was then conjugated using PEG linkers estimated to be 10nm in length to each of 3 different fluorescent dyes: Fluorescein, Rhodamine B, and Sulforhodamine B. DR provided deep-volume measurements (up to 1cm) from within solid, tissue-imitating phantoms, indicating GNR presence corresponding to the light used by recording light scattered from the GNPs with increasing distance to a photodetector. FLIM imaged solutions as well as phantom surfaces, recording both the fluorescence lifetimes as well as the fluorescence intensities. Fluorescence quenching was observed for Fluorescein, while metal-enhanced fluorescence (MEF) was observed in Rhodamine B and Sulforhodamine B -the dyes with an absorption peak at a slightly longer wavelength than the GNP plasmon resonance peak. Our system is highly sensitive due to the increased intensity provided by MEF, and also because of the inherent sensitivity of both FLIM and DR. Together, these two modalities and MEF can provide a lot of meaningful information for molecular and functional imaging of biological samples.
INTRODUCTION
Medical imaging today falls into two main categories: structural and functional imaging. Structural imaging, as the name implies, provides information regarding the spatial structure of the imaged sample. However, it is not necessarily able to differentiate between structures of similar composition, and cannot reveal functional activity of the imaged structures. Meanwhile, functional imaging is able to image biological functions as they occur, and so can reveal information that is hidden in the structure alone. Functional imaging is limited in its difficulty at inferring structural information and also in possible confusion between various areas that function in similar manners. In our talk, we describe the initial developments of a system that, when fully optimized, will be able to provide a very sensitive combination of structural and functional imaging. We developed a single, simple, biocompatible probe usable by two imaging modalities meant to provide these two aspects of medical imaging, and we show initial results from measurements of solid tissue-imitating phantoms. The results have been recently published 1 .
Our probes of choice are based on gold nanoparticles (GNPs), which are known for their biocompatibility 2,3 and significant optical properties 4, 5 . Although particles of spherical symmetry are used more extensively in literature, gold nanorods (GNRs) present additional interesting properties, namely 2 different resonance modes and an easily controllable surface plasmon resonance (SPR) peak that can be tuned to the more biologically transparent infra-red (IR) range 6 . Both gold nanospheres and GNRs were considered for this work.
The two imaging modalities we utilized were fluorescence lifetime imaging microscopy (FLIM) and diffusion reflection (DR). FLIM is able to image changes in biological properties and biological functions based on both the traditionally considered fluorescence intensity (FI) as well as the less explored fluorescence lifetime (FLT). While the FI can change with fluorophore concentrations in a sample, the FLT is inherent to particular compounds in particular environments, meaning that it can provide meaningful functional information. 7, 8 Meanwhile, DR is able to detect particular probes within samples to extract information from within sample volumes (up to 1cm) -thus providing a type of structural information. DR reveals GNR presence corresponding to the light used and GNR SPR by recording light scattered from the GNPs with increasing distance to a photodetector. [9] [10] [11] [12] [13] [14] Both modalities use non-ionizing light sources, are non-invasive, and have the potential for incredible sensitivity.
We designed our probes for increased fluorescence signals using metal enhanced fluorescence (MEF). Through plasmon effects, metal particles of sub-wavelength size are able to strongly affect the electric field in their vicinity. Thus, fluorophores with absorption matching the GNP SPR and within a certain distance can experience enhanced excitation and decay rates, increasing quantum yield (QY) while improving photostability. Factors that can affect MEF include particle size, fluorophore chosen, and the separation distance between the two to overcome quenching effects while maintaining particle field effects. 15 By choosing viable combinations of these parameters, we are able to create highly efficient imaging probes.
Our lab has previously shown combined FLIM and DR usage in phantoms, but in conditions where fluorescence was quenched by the GNPs. 16 In the current talk, we describe probes we designed that fluoresce brighter than the background, and we present our ability to detect these probes using the highly sensitive systems of FLIM and DR. 
MATERIALS AND METHODS
The probes we constructed consisted of GNPs conjugated to fluorescent molecules, and were meant to meet the conditions for MEF. More complete details on the preparation and measurement process can be found in our published work. 1 We prepared 3 different geometries of GNPs: spheres of 20nm diameter (GNS), GNRs of aspect ratio (AR) 2.5 (GNR690), and GNRs of AR 3.3 (GNR760). Each GNP type was conjugated using 1kDa PEG linkers, estimated to be 10nm in length on average, to each of 3 fluorophores: Fluorescein (Flu), Rhodamine B (RhB), and Sulforhodamine B (SRB) (see Figure 1 ). The absorption peaks of Flu, RhB, and SRB are around 470nm, 554nm, and 564nm, respectively, and their QYs are 0.9, 0.3, and 0.8, respectively. Absorption spectra are shown and compared to those of the GNPs in Figure 2. Normalize ed absorption spe ectra are shown for the range 400-900 nm, for (A) the 3 GNP geometries, (B) Fluorescein compared to the GNPs, (C) Rhodamine B compare ed to the GNPs, and (D) Sulforhodamine B compared to the GNPs. TEM image es of (E) GNRs with peak at 760nm, (F) GNRs with peak at 690nm, and (G) GNSs. The DR system was used to measure GNP presence in phantoms containing the different GNPs. Following previously discussed procedures, the intensity of light scattered out of the phantoms was measured over varying light source-detector separation distances using excitation light sources of 650nm and 780nm. Also as explained previously, finding the slope of the function relating this light and separation distance, it is possible to easily extract optical properties of the sample. The slopes corresponding to phantoms containing water only and each geometry of GNP as obtained from the 780nm light source are shown in Figure 5 . The greater slopes reveal stronger particle absorption, and as can be expected, for this incident light the GNRs of AR 3.3, GNR760, most significantly affected the slope. Note that the incident light's long wavelengths treat the conjugated fluorophores as transparent. 
